Indications. The X STOP system is indicated for treatment of patients 50 years of age or older who are suffering from neurogenic intermittent claudication secondary to a confirmed diagnosis of lumbar spinal stenosis. Confirmation is based on x-ray film, MR imaging, and/or computed tomography evidence of thickened ligamentum flavum, narrowed lateral recess, and/or central canal narrowing. The X STOP is indicated for patients with moderately impaired physical function who experience relief in flexion from their symptoms of leg/buttock/groin pain, with or without back pain, and who have undergone a regimen of at least 6 months of nonsurgical treatment. The X STOP may be implanted at one or two lumbar levels in patients in whom surgical treatment is indicated at no more than two levels.
Contraindications. The following conditions are contraindications for this procedure: 1) an allergy to titanium or titanium alloy; 2) spinal anatomy or disease that would prevent implantation of the device or cause it to be unstable in situ (this includes significant instability of the lumbar spine [for example, isthmic spondylolisthesis greater than Grade 1.0]; an ankylosed segment at the affected level(s); acute fracture of the spinous process or pars interarticularis; and significant scoliosis [Cobb angle Ն 25°]); 3) cauda equina syndrome, defined as neural compression causing neurogenic bowel or bladder dysfunction; 4) diagnosis of severe osteoporosis, defined as bone mineral density (based on dual-energy x-ray absorptiometry scan or some comparable study) in the spine or hip that is more than 2.5 standard deviations below the mean of adult normal individuals in the presence of one or more fragility fractures; and 5) active systemic infection or infection localized to the site of implantation.
Illustrative Cases
Six illustrative cases are described that encompass the types of patients who are eligible for interspinous process decompression treatment with the X STOP system under the approved indications for use. All patients described were enrolled in a pivotal randomized controlled trial of the safety and effectiveness of the X STOP device in the treatment of neurogenic intermittent claudication associated with lumbar spinal stenosis. 15 Clinically significant improvements over 24 months of follow-up care were defined a priori as specific degrees of quantitative change in the three domains of the ZCQ.
11,14,15

Case 1: One-Level Spinal Stenosis
History. This 61-year-old woman presented with lowback pain and concomitant radiating pain to both buttocks and legs that had continued for 7 months, with increasing severity of claudication symptoms. She was unable to walk or stand, and she could not sit without pain (she was wheelchair bound). Her pain was unresponsive to conservative treatment, including four epidural steroid injections, Celebrex, and Tylenol with codeine, which were administered in the course of 6 months.
Diagnosis. Neurogenic intermittent claudication and spinal stenosis with facet joint hypertrophy and a synovial facet joint cyst at L3-4 ( Fig. 1A and B) was diagnosed.
Treatment. One-level X STOP implantation at L3-4 (12 mm) was performed, and there were no complications ( Fig. 1C and D) . The total operating time was 90 minutes, intraoperative blood loss was 50 ml, and the patient was discharged 24 hours postoperatively.
Outcome. Presenting symptoms were relieved immediately after surgery, with the patient demonstrating sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on ZCQ scores. The patient's gait is normal and her ambulation is pain free. Radiographic assessments performed at 6, 12, and 24 months postoperatively revealed no change in the X STOP positioning, no spondylolisthesis, and no changes to the spinous process, laminae, or facets.
Case 2: Two-Level Spinal Stenosis
History. This 50-year-old man presented with low-back pain featuring some radiating pain to both legs, which had been occurring sporadically for 5 to 10 years. His pain was partially responsive to a 6-week course of physical therapy, followed by resumption of symptoms. Four epidural injections of steroids were required over a 2-year period to manage symptoms adequately.
Diagnosis. Degenerative disc disease with disc space narrowing and lateral recess stenosis at L3-4 and L4-5 ( Fig. 2A-C) was diagnosed.
Treatment. Two-level X STOP implantation at L3-4 (12 mm) and L4-5 (12 mm) was performed after induction of conscious sedation, and no complications occurred ( Fig.  2D and E). The total operating time was 95 minutes, intraoperative blood loss was 50 ml, and the patient was discharged 24 hours postoperatively.
Outcome. Presenting symptoms were relieved at 6 weeks posttreatment, with the patient demonstrating sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on ZCQ scores. The patient showed progressive improvement at each evaluation and has resumed previous activities such as golfing. He reported satisfaction with the degree of improvement and would repeat the procedure. Radiographic assessments performed at 6, 12, and 24 months postoperatively revealed no change in the X STOP positioning, no spondylolisthesis, and no changes to the spinous process, laminae, or facets.
Case 3: Mild Spinal Stenosis on Neuroimaging
History. This 73-year-old man presented with left leg pain that had been occurring sporadically for more than 1 year. His pain was unresponsive to conservative treatment, including NSAIDs and physical therapy.
Diagnosis.
A Grade I spondylolisthesis at the L4/5 juncture, degenerative facet disease at L4-5 and L5-S1, moderate spinal stenosis at L3-4, mild stenosis at L4-5 with multilevel degenerative disc disease, and mild right scoliosis ( Fig. 3A-C) were diagnosed.
Treatment. Two-level X STOP implantation at L3-4 (12 mm) and L4-5 (10 mm) was performed after induction of local anesthesia, and there were no complications ( Fig. 3D and E). The total operating time was 45 minutes, intraoperative blood loss was 10 ml, and the patient was discharged 24 hours postoperatively.
Outcome. Presenting symptoms were relieved at 6 weeks posttreatment, with the patient demonstrating sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on the ZCQ score. The patient reported no residual back or leg pain, numbness, or tingling in the lower extremities. Radiographic assessments performed at 6, 12, and 24 months postoperatively revealed no change in the X STOP positioning, and no changes to the spinous process, laminae, or facets.
Case 4: Severe Spinal Stenosis on Neuroimaging
History. This 73-year-old woman presented with intermittent left buttock pain with concomitant radiating left leg pain that had lasted for 6 months and was becoming increasingly more frequent and severe. Her pain was unre-
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Interspinous process decompression with the X STOP device sponsive to conservative treatment with pain medications, including daily Ultram, Celebrex, and Tylenol as well as three epidural steroid injections, physical therapy, and NSAIDs, which had yielded minimal relief.
Diagnosis. Severe L4-5 spinal stenosis secondary to Grade I spondylolisthesis associated with a mild disc bulge was diagnosed based on MR imaging findings. Additionally, less severe L3-4 spinal stenosis secondary to mild anterior spondylolisthesis, and L2-3 canal narrowing (Fig. 4A-C) were found.
Treatment. Two-level X STOP implantation at L4-5 (12 mm) and L3-4 (12 mm) was performed after induction of local anesthesia, and no complications occurred ( Fig. 4D and E). The total operating time was 45 minutes, intraoperative blood loss was 10 ml, and the patient was discharged less than 24 hours postoperatively.
Outcome. Presenting symptoms were relieved at 6 weeks posttreatment, with the patient demonstrating sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on ZCQ scores. The patient's leg and buttock pain was resolved and her quality of life improved. Radiographic assessments performed at 6, 12, and 24 months postoperatively revealed no change in the X STOP positioning, and no changes to the spinous process, laminae, or facets.
Case 5: Spondylolisthesis With Spinal Stenosis
History. This 82-year-old woman presented with bilateral lower-extremity pain that had been increasing in severity over a 5-month period. She was unable to walk more than two blocks without pain, but experienced pain relief when sitting. Her pain was unresponsive to conservative treatment, including epidural steroid injections and NSAIDs.
Diagnosis. Moderate spinal stenosis at L3-4, moderate to severe stenosis at L4-5, and mild spondylolisthesis at the L4/5 juncture with associated degenerative disc disease (Fig. 5A) were diagnosed.
Treatment. Two-level X STOP implantation was performed at L3-4 (10 mm) and L4-5 (10 mm) (Fig. 5B) . The total operating time was 75 minutes, intraoperative blood loss was 10 ml, and the patient was discharged 24 hours postoperatively.
Outcome. Presenting symptoms were relieved at 6 weeks posttreatment, with the patient demonstrating sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on ZCQ scores. The patient reported no pain, no difficulty with walking, standing, or sitting, and a very good to excellent quality of life. There was lingering mild discomfort with lifting maneuvers. Radiographic assess-ments performed at 6, 12, and 24 months postoperatively revealed no change in the X STOP positioning, and no changes to the spinous process, laminae, or facets.
Case 6: Scoliosis With Spinal Stenosis
History. This 70-year-old man presented with frequently severe leg pain that had lasted for 6 months, causing interference in his activities of daily living and his work life. His pain was unresponsive to conservative treatment, including pain medications (Vicodin), NSAIDs, and two epidural steroid injections.
Diagnosis. Mild scoliosis (20º) and spondylolisthesis with spinal stenosis at L4-5 (Fig. 6) were diagnosed.
Treatment. One-level X STOP implantation at L4-5 (6 mm) was performed after induction of local anesthesia, and no complications occurred (Fig. 6) . The total operating time was 44 minutes, intraoperative blood loss was 60 ml, and the patient was discharged less than 24 hours postoperatively.
Outcome. Relative to pretreatment findings, the patient demonstrated sustained, clinically significant improvement in symptom severity and degree of functional impairment through 24 months of follow up. Treatment success was confirmed based on ZCQ scores. The patient reported no residual leg pain and was able perform activities of daily living and work without difficulty. Radiographic assessments performed at 6, 12, and 24 months postoperatively showed no changes in the X STOP position, no metallosis, and no changes to the spinous process, laminae, or facets. At 24 months the follow-up x-ray films indicated 5% spondylolisthesis at the treated level, suggesting little or no change from preoperative status.
Discussion
Interspinous process decompression with the X STOP device offers an intermediate step in the continuum of care for patients with neurogenic intermittent claudication associated with lumbar spinal stenosis. Afflicted patients whose pain is unresponsive to at least 6 months of nonsurgical conservative management are unlikely to show clinically significant improvement with continuation of this form of care. In a randomized controlled trial, Zucherman et al. 15 demonstrated that only approximately 5% of participants assigned to continuation of conservative treatment met the a priori-defined treatment success criteria for the study after 24 months of follow up, with approximately 28% requiring decompressive laminectomy due to unresolved symptoms. This contrasted sharply with the findings in patients treated with the X STOP device, approximately 48% of whom satisfied the three ZCQ success criteria, with 7% requiring laminectomy. 15 To put these success rates in perspective, Tuli et al. 14 reported that 47% of patients who had undergone laminectomy in a multicenter study met the same ZCQ success criteria.
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Interspinous process decompression with the X STOP device The case material provided in this report illustrates the type and range of patients most likely to demonstrate clinically meaningful improvements after treatment with the X STOP device. With careful patient selection for this procedure, it is highly likely that progression to more invasive surgical interventions, such as decompressive laminectomy, will be avoided or delayed substantially. Cases 1 and 2 represent typical patient types with stenotic symptoms at one and two levels, respectively. It can be expected that clinical improvements achieved with the X STOP system are durable. Kondrashov et al. 7 demonstrated that the success rate among patients treated with X STOP devices at one and two levels was 78% at a mean of 4.2 years postoperatively, which is consistent with the intermediate-term (1 and 2 years) results of Zucherman et al. 15, 16 Treatment with the X STOP device provides effective amelioration of stenotic symptoms regardless of the degree of central canal stenosis. Cases 3 and 4 provide contrasting illustrations of patients with mild and severe neuroimaging-determined stenosis, respectively. Appropriate distraction and decompression was achieved with the X STOP system, and both patients realized clinically significant improvements through 24 months of follow up. Similarly, Herno and colleagues 4, 5 identified only weak correlations between the degree of decompression achieved with laminectomy and the amount of resolution of neurogenic symptoms.
The X STOP device is appropriate for use in patients who have moderately severe neurogenic symptoms associated with mild lumbar degenerative spondylolisthesis (Grade I), as illustrated by Case 5. Anderson et al. 1 demonstrated overall clinical success rates of approximately 63% in patients with mild spondylolisthesis who were treated with the X STOP device and 13% in those who received nonsurgical conservative care.
Case 6 illustrates that patients with mild scoliosis (Ͻ 25º) and appropriate clinical symptoms also may benefit from interspinous process decompression with the X STOP device. This patient showed excellent symptomatic improvement in neurogenic signs and physical functioning through 24 months of follow up. Carefully selected patients with established neurogenic intermittent claudication whose pain is unresponsive to conservative care and in whom confirmatory imaging evidence of lumbar spinal stenosis is found realize discernible clinical benefits from interspinous process decompression with the X STOP device. These patients have moderate functional impairment and are unlikely to recover spontaneously with further nonsurgical care. Many would probably be candidates for more invasive spinal surgery to alleviate their symptoms. The X STOP device offers a minimally invasive intermediate step in the continuum of care for these patients that yields long-term, durable clinical improvement. 
